The purpose of this study was to compare surgically induced astigmatism (SIA) between one-handed and two-handed cataract surgery techniques. Methods: Eighty-eight eyes of 44 patients with no ocular disease other than cataract, who underwent cataract surgery by a single surgeon, were selected for this study. Cataract surgery was performed by coaxial phacoemulsification and intraocular lens implantation via a 2.4 mm transconjunctival single-plane sclerocorneal incision at the 12 o'clock position. In each patient, one eye was subjected to coaxial phacoemulsification using a one-handed technique while the fellow eye was subjected to coaxial phacoemulsification using a two-handed technique. For the two-handed technique, a corneal side port was created at the 2 o'clock position. The appropriate incision meridian was identified by a preoperative axis mark. SIA was calculated using the Alpins method. Results: Mean SIA was 0.40 ± 0.28 diopters (D) in the one-handed technique group and 0.39 ± 0.25 D in the two-handed technique group. No statistically significant difference was found in the mean SIA score. The mean torque value was −0.05 ± 0.26 D in the one-handed technique group and 0.11 ± 0.37 D in the two-handed technique group. Mean torque was significantly lower (P,0.05) in the one-handed technique group than in the two-handed technique group.
Introduction
Improved cataract surgery techniques in recent decades have resulted in decreased incision widths to control surgically induced astigmatism (SIA). Currently, there are two types of coaxial phacoemulsification techniques, ie, a one-handed technique and a two-handed technique. Coaxial phacoemulsification is performed through the main incision only in the one-handed technique, but through both the main incision and a corneal side port in the two-handed technique. To our knowledge, this is the first study comparing SIA between the one-handed and two-handed cataract surgery techniques. The main objective of our study was to compare SIA after coaxial phacoemulsification using the one-handed and two-handed techniques.
Materials and methods
Patients undergoing routine cataract surgery were randomly divided into two groups by surgical technique, ie, the one-handed or two-handed technique. Patients who matched the study inclusion criteria were selected from consecutive cases in the 
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Kawahara et al hospital population. This prospective study comprised patients who were undergoing coaxial phacoemulsification at the Department of Ophthalmology, Sapporo Tokushukai Hospital. The patients had nuclear senile cataracts grade 2-4 as per the Emery-Little classification. Preoperative inclusion criteria were a transparent cornea, no pseudoexfoliation, glaucoma, or retinal disease, and no history of ocular injury or surgery. Postoperative exclusion criteria included failure to place the intraocular lens in the capsular bag, suturing of incisions, complications necessitating enlargement of the main incision, infection at the incision site, or repeat procedures within the follow-up period. Patients failing to attend postoperative appointments were also excluded. The Tokushukai Group ethical committee approved the investigation. The study adhered to the tenets of the Declaration of Helsinki, and all patients provided their written informed consent.
Patient evaluations
Clinical assessments of keratometric measures, refraction, best-corrected visual acuity, intraocular pressure, endothelial cell counts, and anterior and posterior segments were performed preoperatively and at follow-up appointments one day, one week, and one month after surgery. All keratometry readings were obtained using the same corneal topography system (KR-1W, Topcon, Tokyo, Japan). Preoperative and one-month postoperative keratometry readings were used for vector analysis according to the Alpins method.
1,2 For this method, all vectorial calculations are performed using double-angle vector diagrams. Doubling the astigmatism meridian and vector axis values is an analytical and mathematical necessity that gains clinical meaning only when halved at the conclusion of the analysis. For this reason, the results are displayed on polar (0° to 180°) diagrams. This vectorial change is inclusive of axis and does not simply represent the mean arithmetic change in keratometric cylinder. SIA vectors calculated in this way indicate the actual meridian of the eye at which the maximum effect occurred. 3 To analyze the corneal curvature changes occurring at each of the meridians of the incisions, the flattening effect at the axis of the main incision was calculated in both groups; in addition, the flattening effect at the axis of the corneal side port in the two-handed technique group was calculated.
A proportion of the astigmatic change induced by incisions has a rotating effect in the axes of the keratometric cylinder known as torque. Torque was calculated as the rotation that was produced in the preoperative steep keratometry axis. Positive values of torque indicate counter-clockwise rotation in the preoperative steep axis; negative values of torque indicate clockwise rotation. Outcome measures for torque were both arithmetic and absolute values.
surgical technique
All surgery was performed by a single experienced surgeon (AK) using the same phaco machine (Infiniti Vision System, Alcon, Tokyo, Japan). Eyes of patients were enrolled in a randomized controlled trial to have the one-handed or twohanded technique. Patients underwent coaxial phacoemulsification using the one-handed technique in one eye and the two-handed technique in the fellow eye.
The creation of the incision was identical in both groups, with the exception of whether or not a corneal side port was created. After topical anesthesia with 4% lidocaine hydrochloride, a 2.4 mm transconjunctival single-plane sclerocorneal incision 4 was created at the 12 o'clock position with a 2.4 mm slit knife (KKM-24M, Kai Industries, Tokyo, Japan) in both groups; in addition, a corneal side port was created in the clear cornea at the 2 o'clock position with a 20-gauge MVR blade (VK-20GF, Kai Industries) in the two-handed technique group. The transconjunctival single-plane sclerocorneal incision was created as follows. A single-plane incision was initiated at the conjunctiva 0.5 mm from the limbus with the slit knife. The knife was advanced through the conjunctiva, sclera, and cornea. The tip of the knife was then inserted into the anterior chamber through the Descemet membrane. After the tip was inserted into the chamber, the initial plane of the knife was re-established to cut through the Descemet membrane in a straight line. After the slit knife was removed, small conjunctival incisions approximately 0.5 mm in length were made at both edges of the wound using scissors to prevent conjunctival chemosis during surgery. Before surgery, with the patient in the erect position and the eye anesthetized with two drops of 0.4% oxybuprocaine hydrochloride, the 6 o'clock juxtalimbal epithelium was marked with a 25-gauge needle. A Mendez degree gauge (9-705R-1, Duckworth and Kent, Baldock, UK) was used to position the incisions at their corresponding meridian before creation of the incision. In all eyes, an intraocular lens (iSert Micro 251, Hoya, Tokyo, Japan) was implanted through the main incision after coaxial phacoemulsification and residual cortex removal. To aid incision closure, the main incisions were hydrated.
Postoperative therapy included a topical combination of 0.5% levofloxacin (Cravit™, Santen Pharmaceutical, Osaka, Japan), 0.1% betamethasone (Linolosal™, Wakamoto, Tokyo, Japan), and 0.1% nepafenac (Nevanac™, Alcon) three times a day for one week followed by nepafenac alone three times a day for a further 3 weeks. 
Results
Of the 50 study patients initially enrolled, six were excluded because of intraoperative complications (rupture of the posterior capsule and suturing of incisions, n=2) or loss to follow-up at the last postoperative visit, which took place one month after surgery (n=4). Of the 44 patients included for analysis, 16 were men and 28 were women. The mean age of the patients was 73.0 ± 6.8 (range 58-87) years. Tables 1 and 2 show the preoperative and postoperative astigmatism in both groups. We set 65°-115° of the steepest keratometry reading as "with the rule," 0°-25° and 155°-180° as "against the rule," and 26°-64° and 116°-154° as "oblique". Table 3 shows the results of intraoperative and postoperative parameters in both groups. Because the differences between factors in Tables 1-3 were not statistically significant, it can be concluded that the functional results were similar with both techniques. Table 4 shows SIA calculated by the Alpins method, and SIA surgical vector graphs are shown in Figure 1 for the onehanded technique group and in Figure 2 for the two-handed technique group. Mean SIA was 0.40 ± 0.28 diopters (D) in the one-handed technique group and 0.39 ± 0.25 D in the two-handed technique group. The mean flattening effect at the main incision was 0.29 ± 0.27 D in the one-handed technique group and 0.26 ± 0.16 D in the two-handed technique group; thus, the flattening effect at the main incision was approximately two thirds of the SIA in both groups. In the two-handed technique group, the flattening effect at the corneal side port was almost a negative value (−0.14 ± 0.31 D). Vector mean magnitude was close to zero in both groups (0.003 D). A vector mean magnitude approaching zero suggests random placement and magnitude of the vector. 5 Torque was the only significantly different factor between the groups (−0.05 ± 0.26 D and 0.11 ± 0.37 D for the onehanded and two-handed techniques, respectively); however, no statistically significant difference was found in the absolute value of torque (0.21 ± 0.17 D and 0.29 ± 0.26 D for the one-handed and two-handed techniques, respectively). In the SIA surgical vector graphs, the vector distribution pattern for patients was characterized by a trend towards a horizontal spread in both groups. For the one-handed technique group, Figure 1 
Discussion
The main objective of our study was to evaluate SIA after coaxial phacoemulsification with or without a corneal side port. SIA was analyzed by vector analysis according to the Alpins method. The Alpins method uses vectors for the analysis of corneal astigmatism change by cataract surgery and refractive surgery. Astigmatism, with its cylinder power and axis, is best described mathematically by a vector, because a vector allows the combination of magnitude and direction to be expressed in a single mathematical expression. 6 For the Alpins method, the force that induces a change in the shape of the cornea can be resolved into two component parts: one located on the intended axis with a resultant flattening (or steepening) effect; and one referred to as clockwise or counter-clockwise torque, located at a 45° angle to the intended axis with a rotating effect on the axis. Analysis techniques using polar astigmatism values have addressed only the flattening or steepening effect at the 0°, 90°, and 180° polar axes. However, these techniques have limitations when analyzing incisions away from these polar axes. 7, 8 Considering the circumstances mentioned above, vector analysis was the most suitable method for our study.
By vector analysis convention, SIA is expressed as a steepening effect. In both groups, the vector distribution pattern had a trend towards a horizontal spread in SIA surgical vector graphs. This observation that incisions flattened the incised meridian might have resulted from the fact that the main incision in our study was made at the 12 o'clock position. No statistically significant difference was found in mean SIA. The flattening effect at the main incision was about two thirds of the SIA in both groups, whereas the flattening effect at the corneal side port in the two-handed technique group was almost a negative value. These findings suggest that the magnitude of the flattening effect at the axis of the main incision accounts for most of the magnitude of SIA and a corneal side port has a minor influence on the magnitude of SIA. Significantly lower mean torque values were seen in the one-handed technique group than 
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sia between one-handed and two-handed techniques in the two-handed technique group, whereas no statistically significant difference was found between the groups in the absolute value of torque. This finding suggests that a corneal side port has a minor influence also on the magnitude of torque. However, the mean torque values (−0.05 D for the one-handed technique group and 0.11 D for the twohanded technique group) indicate that a clockwise rotation of the preoperative steep axis was noted in the two-handed technique group; therefore, the preoperative steep axis was turned from the axis of the main incision to the axis of the corneal side port. Taken together, a corneal side port has a small influence on the magnitude of SIA but a rotating effect on the axis of astigmatism. Five previous studies have used vector analysis to describe SIA after coaxial phacoemulsification. Cavallini et al In comparison with these reports, a difference in distribution of vectors was seen in the current study, despite similar SIA values. This observation may be because the size and location of the incisions and side ports varied among the studies. In addition, flattening effect and torque were not analyzed in previous reports.
In conclusion, we found that the magnitude of difference in SIA between the one-handed and two-handed techniques was small, and a corneal side port had a rotating effect on the axis of astigmatism. 
